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57 ABSTRACT 
In method and apparatus for measuring a refractive 
index and a thickness of a thin film formed on a sub 
strate, the thin film has m (m21) layers and a transpar 
ent uppermost layer is set as a first layer. A total of 
(3m--1) parameters include a refractive index n0) of an 
incident medium, a refractive index n(j) (= 1 to m) of a 
j-th layer, absorption coefficients k(j) (j=2 to m) of 
second to m-th layers, a refractive index n(n-1) and an 
absorption coefficient k(n-1) of the substrate, and 
thicknesses dG) (=2 to m) of the second to m-th layers. 
Arbitrary one of the (3m--1) parameters is unknown 
and the other 3m parameters are known. This method 
and apparatus measure the unknown parameter. Mono 
chromatic light having a wavelength is incident to the 
film having the m-layers at a predetermined incident 
angle from a first layer side in the incident medium to 
measure reflectances about S and P polarized light. A 
function of the unknown parameter is specified using 
measured values of the reflectances, the wavelength 
and 3m known parameters. An equation about this func 
tion is numerically solved to determine the unknown 
parameter. 

14 Claims, 4 Drawing Sheets 
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Fig. 1 
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1. 

METHOD FOR MEASURING REFRACTIVE 
NDEX AND THICKNESS OF FILMAND 

APPARATUS THEREFOR 

This is a continuation of application Ser. No. 
07/788,445 filed Nov. 6, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for measur 

ing a refractive index and a thickness of a thin film and 
an apparatus therefor. 

2. Description of the Related Art 
There are many semiconductor devices and optical 

devices in which a thin film is formed. It is important to 
accurately measure a refractive index of the thin film, a 
film thickness, etc. with respect to performance of these 
devices. 

In an ellipsometry known as a method for accurately 
measuring the refractive index and thickness of the thin 
film, a complicated large-sized device is required when 
the refractive index and thickness of the thin film are 
measured. For example, in Japanese Patent Application 
Laying Open (KOKAI) No. 2-75985, the inventors of 
this application proposed a series of measuring methods 
instead of the ellipsometry. 

In such general measuring methods, monochromatic 
light is basically irradiated onto a thin film formed on a 
substrate to measure a reflectance of each of S-polarized 
light and P-polarized light. The refractive index of the 
thin film is calculated by numerically solving a prede 
termined equation based on the measured reflectance of 
each of the S-polarized light and the P-polarized light. 
An arc cosine function is included in this equation used 
in a numerical calculation. This arc cosine function is 
greatly changed with respect to a change in refractive 
index of the thin film as a measured object so that the 
calculation must be made with very high accuracy in a 
certain case. Further, only the refractive index of an 
uppermost layer is measured when the thin film is con 
posed of a plurality of layers. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide novel method and apparatus for measuring a 
refractive index and a thickness of a thin film, in which 
no calculation is especially made with high accuracy 
and the thin film can be accurately measured and the 
range of a measured object is wide. 
The above object of the present invention can be 

achieved by a method for measuring a refractive index 
and a thickness of a thin film formed on a substrate, in 
which the: thin film has m (m21) layers and a transpar 
ent uppermost layer is set as a first layer; a total of 
(3m-1) parameters include a refractive index n0) of an 
incident medium, a refractive index n() (= 1 to m) of a 
j-th layer, absorption coefficients k(j) (j=2 to m) of 
second to m-th layers, a refractive index n(m-1) of the 
substrate, an absorption coefficient k(m+1) of the sub 
strate, and thicknesses d(j) (j=2 to m) of the second to 
m-th layers; and arbitrary one of the (3m-1) parame 
ters is unknown and the other 3m parameters are 
known. This method measures the unknown parameter 
X and comprises the steps of making monochromatic 
light having a wavelength A incident to the thin film 
having the m-layers at a predetermined incident angle 
6(0) from a first layer side in the incident medium; mea 
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2 
suring reflectances Rs and Rp of S-polarized light and 
P-polarized light; specifying a function of the unknown 
parameter X by measured values of the reflectances. Rs 
and Rp, the wavelength A and 3m known parameters; 
and solving numerically an equation with respect to this 
function to determine a value of the unknown parame 
ter X. 

In the method, the above function is F(X)=a+b+c 
and the above equation is represented by F(X)=0 and a, 
b and c in this function F(X) are respectively set as 
follows. 

a = p (Ois) p? (12s) p' (12p) {1 - Rpp (01p). (As - Bs) - 
p. (Olp) p? (12p)p (12s) {1 - Rs p? (01s2 (Ap? -- Bp) -- 
2p (01p) p (12p) p (Ols) p (12s) (1 - Rpp (01p)} {1 - 

Rs p’ (01s)} (ApAs + BpBp) 
b = 2 p. (Ois) p. (12s) p? (12p) {p? (Oip) - Rp} {1 - 

Rp p2 (01p)} (As2 - Bs2) + 2 p2 (Ols) p2 (12s) p? (12p) 
{p(01p) - Rp}{1 - Rpp? (01p)} (As2 + Bs) - 
2p (Op) p (12p)p (01s) p (12s) p. (01p) - Rp} 

{1 - Rsp (01s) (Apas - BpBs) - 
2p (01p) p (12p) p (Ols) p (12s){p(01s) - Rs. 

{1 - Ripp (01p)} (ApAs + BpBs) - 

4 p. (Olp) p. (12p) p. (Ols) p. (12s) (ApBs - BpAs) 
c = p(01s) p2 (12s) (p. (Op) - Rp2 (As2 - Bs) + 

p? (01p) p? (12p) {p? (Ols) - Rs 2 (Ap? -- Bp) - 
2 p. (01p) p (12p)p (Ols) p (12s) {p (Op) - Rp} 

{p(01s) - Rs (ApAs + BpBs) 

Ap, Bp, As and Bs in the formulas of a, b and are 
respectively set as follows. 

p(01p), p(01s), p(12p), p(12s) and d(01p), db(01s), 
d(12p), b(12s) in the formulas of a, b and c are respec 
tively set as follows. 

r(01p)=p(01p) exp (idb(01p) 

r(o1s)=p(01s) expidb(0is)} 

r"(2p)=p(12p) exp (id(12p) 

r(01p) and r(01s) are respectively set to amplitude 
reflectances of the P-polarized light and the S-polarized 
light on an interface between the incident medium and 
the first layer. 

r'(12p) and r"(12s) are respectively set to amplitude 
reflectances of the P-polarized light and the S-polarized 
light provided when the monochromatic light is inci 
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dent to (m-1)-thin film layers except for the first layer 
in the incident medium having the same refractive index 
as the refractive index of the first layer. 

Further, the above object of the present invention 
can be also achieved by an apparatus for measuring a 
refractive index and a thickness of a thin film formed on 
a substrate, in which the thin film has m (m2) layers 
and a transparent uppermost layer is set as first layer; a 
total of (3m-- 1) parameters include a refractive index 
n(0) of an incident medium, refractive index n() (j=1 to 
m) of a j-th layer, absorption coefficients k() (ji=2 to m) 
of second to m-th layers, a refractive index n(n-1) of 
the substrate, an absorption coefficient k(n-1) of the 
substrate, and thicknesses d(j) (j=2 to m) of the second 
to m-th layers; and arbitrary one of the (3m--1) parame 
ters is unknown and the other 3m parameters are 
known. This apparatus measures the unknown parame 
ter X and comprises support means for supporting a 
measured sample; a light source device for selectively 
irradiating a monochromatic beam of each of S-pola 
rized light and P-polarized light to the measured sample 
at a predetermined incident angle; photoelectric con 
verting means for receiving a light beam reflected from 
the measured sample and photoelectrically converting 
this light beam; and a computer for calculating a prede 
termined equation based on an output of the photoelec 
tric converting means. This predetermined equation can 
be set to the above-mentioned FOX)=0 in the method 
for measuring the refractive index and thickness of the 
thin film. 

In the above-mentioned method and apparatus, no 
calculation is especially made with high accuracy and 
the thin film can be accurately measured and the range 
of a measured object is wide. 

Further objects and advantages of the present inven 
tion will be apparent from the following description of 
the preferred embodiments of the present invention as 
illustrated in the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 are views for explaining the principle 
of the present invention; 

FIG. 3 is a view showing an apparatus for measuring 
a refractive index and a thickness of a thin film in accor 
dance with one embodiment of the present invention; 
FIG. 4 is a view showing an apparatus for measuring 

a refractive index and a thickness of a thin film in accor 
dance with another embodiment of the present inven 
tion; 

FIG. 5 is a graph for explaining a method for measur 
ing a refractive index and a thickness of a thin film in 
accordance with one embodiment of the present inven 
tion: and - 

FIG. 6 is a graph for explaining a method for measur 
ing a refractive index and a thickness of a thin film in 
accordance with another embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of a method and an appa 
ratus in the present invention will next be described in 
detail with reference to the accompanying drawings. 

In a method for measuring a refractive index and a 
thickness of a thin film according to the present inven 
tion, a thin film having m (m21) layers is formed on a 
substrate and a transparent uppermost layer is set as a 
first layer. A total of (3m--1) parameters include a 
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4 
refractive index n0) of an incident medium, a refractive 
index n(j) (j=1 to m) of a j-th layer, absorption coeffici 
ents k(j) (j=2 to m) of second to m-th layers, a refrac 
tive index n(m-1) of the substrate, an absorption coeffi 
cient k(m+1) of the substrate, and thicknesses d() (j=2 
to m) of the second to m-th layers. Arbitrary one of the 
(3m-1) parameters is unknown and,the other 3m pa 
rameters are known. The method of the present inven 
tion measures the unknown parameter X and has the 
following features. 
Namely, monochromatic light having a wavelength. A 

is incident to the thin film having the m-layers at a 
predetermined incident angle 8(0) from a first layer side 
in the incident medium. Reflectances Rs and Rp of 
S-polarized light and P-polarized light are then mea 
sured. 
A function F(X)=a+b+c with respect to an un 

known parameter X is specified by measured values of 
the reflectances Rs and Rp, the wavelength A and 3m 
known parameters. An equation F(X)=0 is then solved 
numerically with respect to the unknown parameter X 
to specify the unknown parameter X. 

Values a, b and c on the right-hand side of this func 
tion FOX) are respectively provided as follows. 

a = p (Ols) p? (125) p. (12p) {1 - Rpp? (01p) (As + Bs) + 
p? (01p) p? (12p) p. (12s) {1 - Rsp2 (Ols)32 (Ap2 + Bp.?) + 
2p (01p) p. (12p)p (01s) p (12s) (1 - Rpp (01p)} {1 - 

Rsp (Ols) (Apas -- BpBp) 
b = 2 p2 (Ols) p. (12s) p? (12p) {p2 (0p) - Rp} {1 - 

Rpp (01p)} (As + Bs) + 2 p2 (01s) p? (12s) p. (12p) 
{p(01p) - Rp}{1 - Rpp? (01p)} (As + Bs) - 
2p (01p) p (12p)p (Ols) p. (12s) p’ (01p) - Rp} 

{1 - Rs p’ (01s)}(ApAs + BpBs) - 
2p (01p) p (12p)p (Ols) p (12s){p? (01s) - Rs) 

{1 - Rp p’ (01p)} (ApAs + BpBs) - 
4 p. (01p) p? (12p) p? (01s) p? (12s) (ApBs - BpAs 

c = p (Ols) p? (12s) (p? (01p) - Rp2 (As2 + Bs) + 
p? (0p) p? (12p) {p? (O1s) - Rs) (Ap? -- Bp) - 
2p (01p)p (12p)p (01s) p (12s) {p(01p) - Rp} 

{p? (01s) - Rs (Apas -- BpBs) 

Ap, Bp, As and Bs in the formulas of a, b and c are 
respectively set as follows. 

p(01p), p(01s), p(12p), p(12s) and d(01p), db(01s), 
db(12p), db(12s) in the formulas of a, b and c are respec 
tively set as follows. 
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In these formulas, r(01p) and r(01s) are respectively 
set to amplitude reflectances of the P-polarized light 
and the S-polarized light on an interface between the 
incident medium and the first layer. 

Further, r'(12p) and r"(12s) are respectively set to 
amplitude reflectances of the P-polarized light and the 
S-polarized light provided when the monochromatic 
light is incident to (m-1)-thin film layers except for the 
first layer in the incident medium having the same re 
fractive index as the refractive index of the first layer. 
The unknown parameter X can be set to the refrac 

tive index of one of the thin film layers, the substrate, or 
the incident medium. Further, the unknown parameter 
X can be set to the absorption coefficient of the sub 
strate or one of the thin film layers except for the first 
layer. 

Otherwise, the unknown parameter X can be set to 
the thickness of the thin film layers except for the first 
layer. 
When the first thin film layer is transparent, no light 

having the measured wavelength A is absorbed by the 
first thin film layer. 
An apparatus for measuring a refractive index and a 

thickness of a thin film according to the present inven 
tion is used to execute the above method for measuring 
a refractive index and a thickness of a thin film and has 
a support means, a light source device, a photoelectric 
converting means and a computer. 
The support means supports a measured sample. 
The light source device selectively irradiates a mono 

chromatic beam of each of S-polarized light and P-pola 
rized light to the measured sample at a predetermined 
incident angle. 
The photoelectric converting means receives a light 

beam reflected from the measured sample and photo 
electrically converts this light bean. 
The computer calculates the above-mentioned equa 

tion FOX)=0 based on an output of the photoelectric 
converting means. 
The method and apparatus of the present invention 

can be used when the number m of thin film layers is 
equal to one or more. 

In FIG. 1, reference numeral 10 designates a sub 
State. 
Thin film layers 1 to mare sequentially formed on the 

substrate 10. An uppermost layer is formed as a first 
layer 1. A j-th thin film layer (j=1 to m) is counted from 
an uppermost layer side. Parameters n(j), k(j), d(j) (j=1 
to m) respectively designate a refractive index, an ab 
sorption coefficient and a thickness of the j-th thin film 
layer. 

Parameters n(m--1) and k(m--1) respectively desig 
nate a refractive index and an absorption coefficient of 
the substrate 10. Further, parameter n(0) designates the 
refractive index of an incident medium. 
The three parameters of the refractive index, the 

absorption coefficient and the thickness are provided 
with respect to each of them thin film layers. Accord 
ingly, a total of (3m--3) parameters are obtained by 
adding these 3m parameters, two parameters about the 
substrate 10, and one parameter about the incident me 
dium. The first thin film layer 1 is transparent so that the 
absorption coefficient k(1) of this film layer is zero. 
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6 
Further, as described later, the thickness d(1) of the first 
thin film layer 1 is an indefinite value in a measuring 
principle of the present invention. Accordingly, the 
number of parameters in the layer structure shown in 
FIG. 1 is reduced and is substantially set to 3m-- by 
subtracting number 2 about k(1) and d(1) from the 
above number (3m--3). 

In an operating state of the layer structure shown in 
FIG. 1, monochromatic light having a wavelength A is 
incident to the first thin film layer at an incident angle 
6(0). At this time, amplitude reflectances r(p) and r(s) of 
S-polarized light and P-polarized light are represented 
in accordance with the following description. 

FIG. 2 shows a state in which only the m-th thin film 
layer m shown in FIG. 1 is formed on the substrate 10. 
The amplitude reflectances r(p) and r(s) are repre 

sented as follows when the monochromatic light having 
wavelength A is incident to the layer structure in an 
incident medium having the same refractive index and 
absorption coefficient as the (n-1)-th thin film layer 
and the incident angle of this monochromatic light is set 
to 0(*m-1). 

In the above formulas (1) and (2), reference numerals 
p and s respectively designate the P-polarized incident 
light and the S-polarized incident light. Reference nu 
meral r(m-1,mp) designates a Fresnel's reflection co 
efficient on an interface between the thin film layer m 
and the incident medium in the case of the P-polarized 
incident light. Reference numeral r(m,m-- 1:p) desig 
nates a Fresnel's reflection coefficient on an interface 
between the thin film layer m and the substrate 10 in the 
case of the P-polarized incident light. 

Similarly, reference numeral r(m-1,m:s) designates a 
Fresne's refection coefficient on the interface between 
the thin film layer m and the incident medium in the 
case of the S-polarized incident light. Reference nu 
meral r(m,m-- 1:s) designates a Fresnel's reflection coef 
ficient on the interface between the thin film layer m 
and the substrate 10 in the case of the S-polarized inci 
dent light. 
These reflection coefficients are provided as follows. 
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-continued 
(n(m)cos(8'm) - n(n + 1)cos(9'm + 1))/ 

As shown in FIG. 2, 6*n-1, 6*m and 69*m--1 re 
spectively designate an incident angle, an angle of re 
fraction and an angle of refraction. This mark shows a 
complex number. For example, the above reference 
numeral n(m) designates a complex refractive index of 10 
the thin film layer m and is represented as follows by 
using the refractive index n(m) and the absorption coef 
ficient k(m). 

Reference numeral 2p3(m) used in above formulas (1) 
and (2) shows a change in phase of light caused while 
this light goes and returns at one time in the thin film 
layer m. This phase change 2,3(m) is provided as fol 
lows. 20 

In a state in which a thin film layer (n-1) having a 
thickness d(n-1) is formed on the thin film layer m 
shown in FIG. 2, the amplitude reflectances of mono 
chromatic light will next be described when the mono 
chromatic light having wavelength A is incident to the 
layer structure in the incident medium having the same 
refractive index and absorption coefficient as a thin film 
layer (m-2) and the incident angle of this monochro 
matic light is set to 6(m-2). 
This state is considered as a state in which the thin 

film layer (n-1) is formed on a substrate composed of 
a combination of the substrate 10 and the thin film layer 35 
m. The amplitude reflectances in this state are provided 
by respectively replacing suffix parameters (m+1), m 
and (m-1) with m, (n-1) and (n-2) in the above 
formulas (1) and (2). There are reflection coefficients 
r(m-1,mp) and r(m-1,m:s) on the right-hand sides of 40 
the newly rewritten formulas and the reflection coeffi 
cients on the left-hand sides of the above formulas (3) 
and (4) are used as these reflection coefficients 
r(m-1,mp) and r(m-1,ms). Thus, it is possible to 
obtain correct amplitude reflectances. 
The thin film layers are sequentially stacked with 

each other as mentioned above. The incident medium is 
repeatedly replaced with an incident medium having 
the complex refractive index of a thin film layer formed 
just on an uppermost laminated thin film layer. Finally, 
the amplitude reflectances in the light incident state 
shown in FIG. 1, i.e., the amplitude reflectances in the 
entire structure of them thin film layers are provided by 
respectively replacing r(1,2:p) and r(1,2:s) with r(1,2:p) 
and r(1,2:s) in the following formulas (1) and (2) pro 
vided by setting number m to number 1 in the above 
formulas (1) and (2). 
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In this case, r'(1,2p) and r'(1,2:s) are amplitude reflec 

tances provided when the first thin film layer 1 is re 
moved from the layer structure shown in FIG. 1 and the 

8 
refractive index of the incident medium is changed to 
n(1) and the monochromatic light having wavelength. A 
is incident to the thin film layers at an incident angle 
6(1). 
Amplitude reflectances r(0,ip), r(0,1:s), r"(1,2p) and 

r(1,2:s) are briefly represented by r(01p), r(01s), r"(12p) 
and r(12s) in the following description. In this case, the 
amplitude reflectances r(p) and r(s) to be obtained are 
provided as follows. 

In the above formulas (8) and (9), the amplitude re 
flectances r(O1s), r'(12s), r(01p) and r"(12p) are generally 
complex numbers. Therefore, these amplitude reflec 
tances are represented as follows. 

(10) 

(11) 

Further, 26(1) is set as follows. 

2,801)=a.(1)(u(1)-iv(1) 

Here, a(1), 2u2 (1) and 2v2 (1) are respectively repre 
sented by the following formulas (12) to (14). 

a(1) = 4ard(1)/A (12) 

2u2(1) = n(1) - k2(1) - n2O)sine(0) + (13) 

Vn2(1) - k2(1) - n2(Osine(0) -- 4n2(1)k(1)) 
2y2(1) = -(n2(1) - k2(1) - n2O)sin28(0)} + (4) 

Vn2(1) - k2(1) - n2O)sine(0) -- 4n2(1)k(1) 

In these formulas, symbol V designates a square 
root of a function within the bracket). 

Reflectances Rs and Rp of the S-polarized light and 
the P-polarized light are respectively represented as 
follows by products of amplitude reflectances r(s) and 
r(p) and complex conjugate amounts r(s) and r(p) 
thereof. 

These energy reflectivities Rip and Rs are calculated 
and provided as follows in accordance with the above 
formulas (8), (9), (10) and (11). 

Rp = p(0p) -- p?(12p)exp(-2a(1)(1)} - (15) 

2p(0p)p(12p)exp(-a(1) v(1))cos(d01p) - d(12p) + a01)u(1)}/ 
1 + p(01p)p(12p)exp(-2a(1)(1)} + 

2p(01p)p(12p)exp(-a(1)(1)cos(db(0p) - d(12p) + a(1)u(i)} 
Rs = p(01s) + p.12s)exp(-2a(1)(1) + (16) 

2p(Ols)p(12s)exp(-a(1)(1))cos(dbOls) - (12s) + aG)u(1)}l/ 
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-continued 

(1 + pools)p(12s)exp(-2a(1)(1)} + 

2p(01s)p(12s)exp(-a(1)(1))cos(db(01s) - d(12s) -- a(1)u(1)) 

Further, when parameters p and 6 are respectively 
replaced with the following values, 

the reflectances Rp and Rs in the formulas (15) and (16) 
are rewritten as follows. 

(15) 

The above-mentioned values Ap, Bp, As and Bs are 
respectively represented as follows. 

When these values Ap, Bp, As and Bs are used, the 
above formulas (15) and (16) can be represented as 
follows. 

Ap cos 8--Bp sin 6 = Cp (17) 

As cos 6--Bs sin 69- Cs (18) 

In these formulas (17) and (18), values Cp and Cs are 
set as follows. 

When sin 6 and cos 8 are calculated from the formu 
las (17) and (18) and the relation (sin 6)2--(cos 8).321 is 
used, the following formula (17) is finally obtained by 
using the above values a, b, c and p. 

ap'--bp--c=0 (17) 

In the following defining formula of p, 
p=exp (-a(1)(1)}, 

k(1) in the formula (14) is equal to zero since the first 
thin film layer 1 is transparent with respect to light 
having a measured wavelength A. Accordingly, v(1) 
provided on the left-hand side of the formula (14) is 
equal to zero. Therefore, p = 1 is identically formed and 
the above formula (17) is represented as follows. 
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10 
a+b+c=0 (18) 

Since v(1)=0 is formed, a(1) is indeterminate and the 
thickness d(1) of the first thin film layer 1 is also indeter 
minate in accordance with the formula (12). 
Each of the constructional elements or values a, b and 

c in the equation (18) is apparently solved with respect 
to parameters n(0), n(j) (j=1 to m-1-1), k(j) (j=2 to 
m-1), d(j) (j=2 to m), 60), A, Rs and Rp in accordance 
with the above-mentioned defining formulas of a, b and 
c. These solved results are represented by the following 
formula. 

The 3m known parameters, the measured wavelength 
A, the incident angle 8(0) and measured values of Rs and 
Rp are concretely substituted in this formula so that an 
equation FOX)=0 is obtained. In this equation, only an 
unknown parameter X is a variable. 

Accordingly, a value of the parameter X can be speci 
fied by numerically solving this equation. 
Various kinds of known operating programs can be 

used to solve this equation with respect to the parame 
ter X. It is sufficient to basically calculate the parameter 
X satisfying this equation by changing the value of the 
parameter X in fine steps and judging whether or not 
this equation is satisfied in each of the steps. 
Concrete embodiments of the present invention will 

next be described. 
FIG. 3 shows an apparatus for measuring a refractive 

index and a thickness of a thin film in accordance with 
one embodiment of the present invention. 

In FIG. 3, each of laser beam sources 31 and 32 is 
constructed by a HeNe laser for providing a stable 
output at a wavelength 6328A. The laser beam sources 
31 and 32 are used with respect to S-polarized light and 
P-polarized light provided by polarizers 35 and 36. 
The S-polarized light and the P-polarized light are 

irradiated onto a measured sample 0 through a polariz 
ing beam splitter 37 having a high extinction ratio. Shut 
ters 33 and 34 can select one of S and P polarizing states 
of light irradiated onto the measured sample 0. 
The laser beam sources 31, 32, the shutters 33, 34, the 

polarizers 35, 36 and the polarizing beam splitter 37 
constitute a light source device. The measured sample 0 
is supported by a turn table 40. A rotating arm 41 is 
coaxially attached to the turn table 40. When the rotat 
ing arm 41 is rotated angle 26, the turn table 40 is ro 
tated angle 6. 
The turn table 40 and the rotating arm 41 constitute a 

support means. 
A photo-sensor 38 is disposed as a photoelectric con 

verting means at a free end of the rotating arm 41. 
A computer 39 functionally has an amplifier for am 

plifying an output of the photo-sensor 38, a converter 
for converting an amplified signal to a digital signal, and 
a computing circuit for numerically solving the equa 
tion FOX)=0 based on the converted digital signal. 
Further, the computer 39 functionally has a means for 
setting a numerical condition required for the comput 
ing circuit, and a means for displaying calculated results 
of the computing circuit. The computer 39 can be con 
cretely realized by a computer system. 
The computing circuit stores a general formula of the 

equation FOX)=0 and programs for solving this equa 
tion. In this general formula, the used wavelength A is 
set to 6328 A. With respect to angle 8(0), the angle 8 of 
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rotation of the turn table 40 is automatically set. The 
value of a known parameter with respect to the mea 
sured sample 0 is inputted from a keyboard partially 
constituting the computer. With respect to the mea 
sured values of Rs and Rp, an output or the photo-sen 
sor 38 is directly inputted to the computer through an 
interface. 
One measuring example using the thin film measuring 

apparatus shown in FIG. 3 will next be described. A 
measuring operation of the thin film measuring appara 
tus in this example is performed in a thin film measuring 
method in accordance with a second concrete embodi 
ment of the present invention. 
A silicon substrate is used and a thin film made of SiN 

is formed on this silicon substrate by a plasma CVD 
method. A thin film made of SiO2 is formed by sputter 
ing on the thin film made of SiN, thereby providing a 
measured sample 0. 
With respect to the measured sample 0, the refractive 

index n(1) of the first thin film layer made of SiO2 is an 
unknown parameter. 
The known parameters are provided as follows. 
The refractive index and the absorption coefficient of 

the silicon substrate are respectively set as follows. 
refractive index: n(3)=3.858 
absorption coefficient: k(3)=0.018 
The refractive index, the absorption coefficient and 

the thickness of the thin film made of SiN are respec 
tively set as follows. 

refractive index: n(2)=2.000 
absorption coefficient: k(2)=0.500 
film thickness: d(2)=500 A 
The measured values of reflectances Rip and Rs at the 

incident angle 8(0)=56 degrees are respectively pro 
vided as follows. 

Rp=009423Rs=0.01099 

When the value of n(1) as an unknown parameter X is 
changed from 1.4 to 1.5 every 0.001, a value of the 
function FOX) is changed as shown by a curve in FIG. 
5. The equation FOX)=0 is satisfied when X=1.460. 

Accordingly, the refractive index n(1) can be speci 
fied and set to 1.460. 

FIG. 4 shows an apparatus for measuring a refractive 
index and a thickness of a thin film in accordance with 
another embodiment of the present invention. 

In FIG.4, lightisemitted from a laser beam source 51 
composed of a HeNe laser having a wavelength 6328 A 
and is divided into two light portions by a beam splitter 
52. One light portion is incident to a photo-sensor 54 to 
use this light portion for a monitor. The other light 
portion is irradiated onto a measured sample 0 through 
a polarizer 53. At this time, the light irradiated to the 
measured sample 0 can be set to S-polarized light or 
P-polarized light by rotating the polarizer 53. 

In this embodiment, the laser beam source 51, the 
beam splitter 52, the polarizer 53 and the photo-sensor 
54 constitute a light source device. 

Similar to the case of the apparatus shown in FIG. 3, 
a support means for supporting the measured sample 0 is 
constructed by a turn table 40 and a rotating arm 41. A 
photo-sensor 55 is disposed as a photoelectric convert 
ing means at a free end of the rotating arm 41. 

Outputs of the photo-sensors 54 and 55 are inputted 
to an arithmetic means 59. The computer 59 has a func 
tion of the computer 39 disposed in the apparatus shown 
in FIG.3 and also has a monitoring function of the light 
source device. The intensity of light transmitted 
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12 
through the polarizer 53 is an intensity of light irradi 
ated onto the measured sample. A ratio of this light 
intensity and a light-receiving intensity of the photo 
sensor 54 is measured in advance and is inputted to the 
computer 59. When the light intensity in the light 
Source device is changed during a measuring operation 
of the measured sample, a measured value of the mea 
sured sample is corrected by the above ratio. 
One example of the measurement of a thin film using 

this measuring apparatus will next be described. A 
method for measuring a refractive index and a thickness 
of a thin film in accordance with a third embodiment of 
the present invention is used in this example. 
A thin film made of SiO2 and having a thickness 91.14 

A is formed on a silicon substrate by thermal oxidation, 
thereby providing a measured sample. 
An absorption coefficient k(2) of the substrate is an 

unknown parameter with respect to this measured sam 
ple. 
Known parameters with respect to this measured 

sample are provided as follows. 
The refractive index of the silicon substrate is set as 

follows. 
refractive index: n(2)=3.858 
The refractive index of the thin film made of SiO2 is 

set as follows. 
refractive index: n(1)=1.460 
The measured values of reflectances Rp and Rs at an 

incident angle 8(0)= 60 degrees are respectively pro 
vided as follows. 

Rp=0.16351,Rs=0.16217 

When the value of k(2) as an unknown parameter X is 
changed from 0.01 to 0.03 every 0.001, a value of the 
function F(X) is changed as shown by a curve in FIG. 
6. The equation F(X)=0 is satisfied when X=0.018. 

Accordingly, the absorption coefficient k(2) to be 
obtained can be specified and set to 0.018. 
As mentioned above, in novel method and apparatus 

in accordance with the present invention, a wide object 
with respect to a thin film can be measured simply and 
accurately. Further, no equation for a numerical opera 
tion includes any arc cosine function so that no high 
accuracy in the numerical operation is required. 
Many widely different embodiments of the present 

invention may be constructed without departing from 
the spirit and scope of the present invention. It should 
be understood that the present invention is not limited 
to the specific embodiments described in the specifica 
tion, except as defined in the appended claims. 
What is claimed is: 
1. A method for measuring at least one of a refractive 

index, an absorption coefficient and a thickness of one 
layer of a thin film formed on a substrate, in which the 
thin film has m (m21) layers comprising a transparent 
uppermost layer which is designated a first layer, in 
which a measured sample having the thin film and the 
substrate includes a total of (3m--1) parameters com 
prising a refractive index n0) of an incident medium, a 
refractive index n0) (j= 1 to m) of a j-th layer, absorp 
tion coefficients k() (j=2 to m) of second to m-th lay 
ers, a refractive index n(n-1) of the substrate, an ab 
sorption coefficient k(m-1) of the substrate, and thick 
ness d() (ji=2 to m) of the second to m-th layers, and in 
which (3m) of the (3m-1) parameters are known and 



5,420,680 
13 

one of the (3m-- 1) parameters is unknown, said method 
comprising the steps of: 

selectively irradiating respective monochromatic 
beams of s-polarized light and p-polarized light on 
said thin film at a predetermined incident angle; 

receiving said s-polarized light and said p-polarized 
light after they are reflected from said thin film and 
determining a reflectance Rs of said s-polarized 
light and a reflectance Rip of said p-polarized light 
on the basis of said received s-polarized and p-pola 
rized lights; 

determining a function of F(x) including unknown 
parameter X as a variable by using respective val 
ues of said (3m) known parameters, a value of said 
incident angle 60), a value of wavelength. A of said 
monochromatic beam, a value of said reflectance 
Rs and a value of said reflectance Rip; 

numerically solving an equation of F(x)=0 to thereby 
obtain a value of the unknown parameter X, and 

outputting a signal representing said obtained value as 
the value of said unknown parameter. 

2. A method for measuring at least one of a refractive 
index, an absorption coefficient and a thickness of a thin 
film as claimed in claim 1, wherein said function is 
FOX)=a+b+c and said equation is represented by 
FOX)=0 and a, b and c in this function FOX) are respec 
tively set as follows: 

a = p2 (01s) p2 (12s) p. (12p) {1 - Rp p? (01p)}2 (As2 + Bs) -- 

p 2 (01p) p 2 (12p)p (12s) {1 - Rs p? (01s)32 (As2 + Bs) + 
2p (01p) p (12p) p (Ols) p. (12s) (1 - Ripp (01p)} {1 - 

Rs p’ (01S) (ApAs + BpBp) 
b = 2 p2 (Ols) p2 (12s) p2 (2p) {p2(op-RP}{1 - 

Rp p? (01p)} (As2 + Bs2) + 2 p? (Ols) p? (12s) p? (12p) 
{p(01p) - Rp}{1 - Rpp (01p)} (As? -- Bs) - 
2p (01p) p (12p) p. (01s) p (12s) {p(01p) - Rp} 

{1 - Rs p (Ols)}(ApAs + BpBs) - 

2p (01p) p (12p) p (Ols) p (12s)ip (Ols) - Rs} 
{1 - Rp p’ (01p)} (ApAs + BpBs) - 

4 p. (01p) p? (12p) p? (01s) p? (12s) (ApBs - BpAs) 

c = p2 (01s) p? (12s) (p2 (01p) - Rp2 (As2 + Bs) + 
p? (0p) p? (12p) {p? (01s) - Rs.2 (Ap? -- Bp) - 
2p (01p) p (12p) p (0. 1s) p (12s) {p’ (01p) - Rp} 

p? (01s) - Rs (ApAs + BpBs) 

Ap, Bp. As and Bs in the formulas of a, b and c are 
respectively set as follows; 

14 
p(01p), p(01s), p(12p), p(12s), and p(01p), db(01s), 

db(12p), d(12s) in the formulas of a, b and c are 
respectively set as follows; 

10 r'(12s)=p(12s) exp (idb(12s), 

r(01p) and r(01s) are respectively set to amplitude 
reflectances of the P-polarized light and the S-pola 
rized light on an interface between the incident 
medium and the first layer; and 

r"(12p) and r"(12s) are respectively set to amplitude 
reflectances of the P-polarized light and the S-pola 
rized light provided when said monochromatic 
light is incident to (n-1)-thin film layers except 
for the first layer in the incident medium having the 
same refractive index as the refractive index of the 
first layer. 

3. A method for measuring at least one of a refractive 
25 index, an absorption coefficient and a thickness of a thin 

film as claimed in claim 1, wherein the unknown param 
eter X is the refractive index of one of the layers of the 
thin film, the refractive index of the substrate, or the 
refractive index of the incident medium. 

4. A method for measuring at least one of a refractive 
index, an absorption coefficient and a thickness of a thin 
film as claimed in claim 1, wherein the unknown param 
eter X is the absorption coefficient of the substrate or 
the absorption coefficient of one of the layers of the thin 
film other than the first layer. 

5. A method of measuring at least one of a refractive 
index, an absorption coefficient and a thickness of a thin 
film formed on a substrate, said thin film having m 
(m21) layers comprising a transparent uppermost layer 
which is designated a first layer, said method of measur 
ing comprising the steps of 

selecting a total of (3m-- 1) parameters which are 
measures of respective physical properties related 
to said film and which include a refractive index 
n(0) of an incident medium through which light 
passes before impinging on said (m) layers, a refrac 
tive index n(j) (= 1 to m) of a j-th layer of said (m) 
layers, absorption coefficients k() (ji=2 to m) of a 
second through m-th layers of said (m) layers, a 
refractive index n(n-1) of the substrate, an ab 
sorption coefficient k(m+1) of the substrate and 
thicknesses d(j) (=2 to m) of the second through 
m-th layers of said (m) layers; 

designating an arbitrary one of the (3m-1) parame 
ters as an unknown parameter X which is a mea 
sure of a selected physical property related to said 
film, the other (3m) parameters being known pa 
rameters which are measures of other physical 
properties related to said film; 

generating monochromatic light having a wave 
length A; 

causing said monochromatic light to impinge on the 
thin film having said (m) layers at a predetermined 
incident angle 8(0) relative to said first layer after 
passing through said incident medium, and to be 
reflected from said layers as S-polarized light and 
P-polarized light; 
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measuring reflectances Rs and Rp of said S-polarized 
and P-polarized light; 

specifying the unknown parameter X as a function 
FOX)=a+b+c using measured values of the re 
flectances Rs and Rp, the wavelength A and (3m) 5 
known parameters; 

a, b and c in this function F(X) being respectively set 
as follows: 

a = p (Ols) p? (12s) p (12p) {1 - Rpp? (op)? (As + Bs) + 10 

p 2 (01p) p? (12p) p (12s) {1 - Rs p? (01s)2 (As2 + Bs) + 
2p (01p) p (12p) p. (01s) p (12s) (1 - Ripp (01p)} {1 - 

Rs p’ (01S)} (Apals + BpBp) 15 

b = 2 p2 (ois) p? (12) p2 (12p) {p2(op-RP) {1 - 
Rpp (01p)} (As + Bs2) + 2 p2 (01s) p? (12s) p? (12p) 
{p? (01p) - Rp}{1 - Ripp (01p)} (As2 - Bs) - 20 
2p (01p)p (12p) p (01s) p (12s) {p(01p) - Rp} 

{1 - Rs p’ (01s)}(ApAs -- BpBs) - 
2p (01p)p (12p)p (Ols) p (12s) (p. (01s) - Rs} 25 

{1 - Rpp (01p)} (ApAs + BpBs) - 

4 p? (01p) p. (12p) p? (01s) p? (12s) (ApBs - BpAs) 
c = p? (Ols) p2 (12s) (p2 (01p) - Rp2 (As2 + Bs2) + 

p? (01p) p? (12p) {p(01s) - Rs) (Ap2 + Bp) - 
2 p. (01p) p (12p) p (O. 1s) p (12s) {p(01p) - Rp} 

{p? (Ols) - Rs) (ApAs + BpBs) ' 

30 

Ap, Bp. As and Bs in the formulas of a, b and c being 
respectively set as follows; 

p(01p), p(01s), p(12p), p(12s), and b(01p), d(01s), 
db(12p), d(12s) in the formulas of a, b and c being 50 
respectively set as follows; 

r(01p) and r(01s) being respectively set to amplitude 60 
reflectances of the P-polarized light and the S-pola 
rized light on an interface between the incident 
medium and the first layer; and 

r'(12p) and r"(12s) are respectively set to amplitude 
reflectances of the P-polarized light and the S-pola- 65 
rized light provided when said monochromatic 
light is incident to (m-1)-thin film layers except 
for the first layer in the incident medium having the 

16 
same refractive index as the refractive index of the 
first layer; 

determining a value of said selected physical property 
of the film by determining said unknown parameter 
X through solving numerically an equation 
FOX)=0; and 

utilizing the value of said selected physical parameter 
of the film determined in said determining step. 

6. A method for measuring at least one of a refractive 
index, an absorption coefficient and a thickness of a thin 
film as claimed in claim 5, wherein the unknown param 
eter X is the refractive index of one of the layers of the 
thin film, the refractive index of the substrate, or the 
refractive index of the incident medium. 

7. A method for measuring at least one of a refractive 
index, an absorption coefficient and a thickness of a thin 
film as claimed in claim 5, wherein the unknown param 
eter X is the absorption coefficient of the substrate or 
the absorption coefficient of one of the layers of the thin 
film other than the first layer. 

8. An apparatus for measuring at least one of a refrac 
tive index, an absorption coefficient and a thickness of a 
layer of a thin film formed on a substrate, in which the 
thin film has m (m21) layers comprising at least a trans 
parent uppermost layer which is designated a first layer, 
in which a measured sample having the thin film and the 
substrate includes a total of (3m-1) parameters com 
prising a refractive index n0) of an incident medium, a 
refractive index n(j) (j=1 to m) of a j-th layer, absorp 
tion coefficients k() (j=2 to m) of second to m-th lay 
ers, a refractive index n(n-1) of the substrate, an ab 
sorption coefficient k(m+1) of the substrate, and thick 
ness d(j) (j=2 to m) of the second to m-th layers, and in 
which (3m) of the (3n--1) parameters are known and 
one of the (3m--1) parameters is unknown, said appara 
tus comprising: 

a light source device for selectively emitting mono 
chromatic beams of s-polarized light and p-pola 
rized light, respectively; 

a support, disposed on an optical path of said s-pola 
rized light and said p-polarized light, for support 
ing said sample such that said s-polarized and p 
polarized lights are respectively incident on said 
thin film at a predetermined incident angle; 

a photo-sensor, disposed on an optical path of said 
s-polarized and p-polarized lights so as to receive 
said s-polarized light and said p-polarized light 
after they are reflected from said thin film, for 
outputting a first signal corresponding to said re 
flected s-polarized light and a second signal corre 
sponding to said reflected p-polarized light; 

a calculation device, electronically connected to said 
photo-sensor, for receiving said first signal and said 
second signal; and 

a numerical condition setting device, electrically 
connected to said calculation device, for setting the 
value of each of (3m) known parameters, a value of 
said incident angle 00), and a value of wavelength 
A of said monochromatic beam, and for outputting 
respective signals corresponding to said set values, 

said calculation device comprising: 
a reflectance determining circuit, electrically con 

nected to said photosensor, for determining a 
reflectance Rs of said s-polarized light and a 
reflectance Rp of said p-polarized light on the 
basis of said first and second signals from said 
photo-sensor, and for outputting a third signal 
representing said determined reflectance Rs of 



5,420,680 
17 

said s-polarized light and a fourth signal repre 
senting said determined reflectance Rp of said 
p-polarized light: and 

an unknown parameter determining circuit, electri 
cally connected to said numerical condition set 
ting device and said reflectance determining 
circuit and storing a function of F(n(0), nG), k(j), 
d(j), e(0), A, Rs, Rip) which represents a relation 
among said (3m-- 1) parameters, said incident 
angle, the wavelength of said monochromatic 
beam and reflectances of said s-polarized and 
p-polarized lights, for substituting values of each 
of said (3m) known parameters, and values of 
said incident angle, said wavelength of said 
monochromatic beam and said reflectances into 
said function on the basis of said signals from said 
numerical condition setting device and third and 
fourth signals from said reflectance determining 
circuit for numerically solving an equation of 
F(x)=0 to thereby obtain a value of the un 
known parameter X, and for specifying said ob 
tained value as a value of said unknown parame 
ter to thereby output a signal representing said 
specified value. 

9. An apparatus for measuring at least one of a refrac 
tive index, an absorption coefficient and a thickness of a 
layer of a thin film formed on a substrate as claimed in 
claim 8, wherein said predetermined equation is repre 
sented by F(X)=0 and this function F(X) is set to 
FOX)=a-b-c and a, b and c in this function F(X) are 
set as follows; 

a = p? (Ols) p? (125) p. (12p) {1 - Rpp (01p) (As + Bs) -- 
p? (Olp) p? (12p) p (12s) {1 - Rs p? (Ols) (Ap? -- Bp) + 
2p (01p) p (12p) p (Ols) p (12s) (1 - Rp p’ (01p)} {1 - 

Rs p? (O1)) (Apás + BpBp) 
b = 2 p2 (01s) p2 (125) p2 (12p) {p20p)-RP {1 - 

Rpp (01p)} (A + Bs) + 2 p. (01s) p. (12s) p’ (12p) 
{p (Olp) - Rp}{1 - Rp p? (01p)} (As -- Bs) - 
2 p. (01p) p (12p) p (01s) p (12s) {p(01p) - Rp} 

{1 - Rs p’ (01s)}(ApAs -- BpBs) - 
2p (01p)p (12p) p (Ols) p (12)p(01s) - Rs) 

{1 - Ripp (01p)} (ApAs + BpBs) - 
4 p. (01p) p? (12p) p? (01s) p? (12s) (ApBs - BpAs) 

c = p? (Ols) p? (12s) (p2 (Op) - Rp2(As2 + Bs) + 
p? (0p) p? (12p) {p(01s) - Rs) (Ap? -- Bp) - 
2p (01p) p (12p) p (0. 1s) p (12s) {p(0p) - Rp} 

{p(01s) - Rs) (Apas + BpBs) 

Ap, Bp. As and Bs in the formulas of a, b and c are 
respectively set as follows; 
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p(01p), p(01s), p(12p), p(12s), and b(01p), b(01s), 
d(12p), b(12s) in the formulas of a, b and c are 
respectively set as follows; 

r(01p) and r(01s) being respectively set to amplitude 
reflectances of the P-polarized light and the S-pola 
rized light on an interface between the incident 
medium and the first layer; and 

r"(12p) and r"(12s) being respectively set to amplitude 
reflectances of the P-polarized light and the S-pola 
rized light provided when said monochromatic 
light is incident to (m-1)-thin film layers except 
for the first layer in the incident medium having the 
same refractive index as the refractive index of the 
first layer. 

10. An apparatus for measuring at least one of a re 
fractive index, an absorption coefficient and a thickness 
of a layer of a thin film formed on a substrate as claimed 
in claim 8, wherein the unknown parameter X is the 
refractive index of one of the layers of the thin filmy the 
refractive index of the substrate, or the refractive index 
of the incident medium. 

11. An apparatus for measuring at least one of a re 
fractive index, an absorption coefficient and a thickness 
of a layer of a thin film formed on a substrate as claimed 
in claim 8, wherein the unknown parameter X is the 
absorption coefficient of the substrate or the absorption 
coefficient of one of the layers of the thin film other 
than the first layer. 

12. An apparatus for measuring at least one of a re 
fractive index, an absorption coefficient and a thickness 
of a thin film formed on a substrate, said thin film hav 
ing m (m21) layers comprising a transparent upper 
most layer which is designated a first layer, and 

a total of (3m-1) parameters which are measures of 
respective physical properties and which include a 
refractive index n(0) of an incident medium 
through which light passes before impinging on 
said (m) layers, a refractive index n(j) (j=1 to m) of 
a j-th layer of said (m) layers, absorption coeffici 
ents k(j) (j=2 to m) of second through m-th layers 
of said (m) layers, a refractive index n(n-1) of the 
substrate, an absorption coefficient k(n-1) of the 
substrate, and thickness d(j) (j=2 to m) of the sec 
ond through m-th layers of said (m) layers; 

one of the (3n--1) parameters being an unknown 
parameter X which is a measure of a selected physi 
cal property related to said film, the other (3m) 
parameters being known parameters which are 
measures of other physical properties related to 
said film; 

a support for supporting a measured sample; 
a light source device for selectively irradiating a 

monochromatic beam of each of S-polarized light 
and P-polarized light to said measured sample at a 
predetermined incident angle; 

a photo-sensor for receiving a light beam reflected 
from said measured sample and photoelectrically 
converting said reflected light beam; 



5,420,680 
19 

a computer for determining a value of said selected 
physical property of the film by determining said 
unknown parameter X through calculating an 
equation FOX)=0 based on an output of said photo 
SenSOr, 5 

this function F(X) being set to F(X)=a+b+c and a, 
b and c in this function F(X) being respectively set 
as follows: 

a = p? (019 p? (12) p' (12p) {1 - Rp p? (01p)} (A + Bs) + 0 
p? (01p) p? (12p) p. (12s) (1 - Rs p? (01s)}. (Ap’ + Bp) -- 
2p (Opp (12p)p (Ols) p. (12s) (1 - Rpp (01p)} {1 - 

Rsp? (Ols)} (ApAs + BpBp) 15 
b = 2 p2 (Os) p? (125) p? (12p) {p?0p)-Rp} {1 - 

Rp p? (01p)} (As + Bs) + 2 p. (01s) p. (12s) p? (12p) 
{p(01p) - Rp}{1 - Ripp (01p)} (As + Bs) - 20 
2 p. (01p) p (12p)p (Ols) p (12s) {p(01p) - Rp} 

{1 - Rs p? (Ols)}(ApAs + BpBs) - 

2p (01p)p (12p) p (Ols) p (12s) (p. (Ols) - Rs. 25 
{1 - Rpp (01p)} (ApAs + BpBs) - 
4 p? (01p) p? (12p) p. (Ols) p? (12s) (ApBs - BpAs) 

c = p(01s) p? (12s) (p? (01p) - Rp} (As + Bs) + 
p? (01p) p? (12p) {p2 (Ols) - Rs)? (Ap? -- Bp.?) - 
2p (01p) p (12p)p (0. 1s) p (12s) {p(01p) - Rp} 

{p' (Ols) - Rs) (Apás + BpB) 

30 

Ap, Bp. As and Bs in the formulas of a, b and c being 
respectively set as follows; 

Ap=Rp cos (db(01p)--db(12p)56-cos 
{d}(01p)-(b(12p)} 

SO 
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p(01p), p(01s), p(12p), p(12s), and d(01p), d(01s), 
db(12p), d(12s) in the formulas of a, b and c being 
respectively set as follows; 

r(01p) and r(01s) being respectively set to amplitude 
reflectances of the P-polarized light and the S-pola 
rized light on an interface between the incident 
medium and the first layer; 

r'(12p) and r"(12s) being respectively set to amplitude 
reflectances of the P-polarized light and the S-pola 
rized light provided when said monochromatic 
light is incident to (m-1)-thin film layers except 
for the first layer in the incident medium having the 
same refractive index as the refractive index of the 
first layer; and for outputting the value of said 
selected physical parameter of the film. 

13. An apparatus for measuring at least one of a re 
fractive index, an absorption coefficient and a thickness 
of a thin film formed on a substrate as claimed in claim 
12, wherein the unknown parameter X is the refractive 
index of one of the layers of the thin film, the refractive 
index of the substrate, or the refractive index of the 
incident medium. 

14. An apparatus for measuring at least one of a re 
fractive index, an absorption coefficient and a thickness 
of a thin film formed on a substrate as claimed in claim 
12, wherein the unknown parameter X is the absorption 
coefficient of the substrate or the absorption coefficient 
of one of the layers of the thin film other than the first 
layer. 

k sk sk k 


